Key indicators: single-crystal X-ray study; T = 173 K; mean (C-C) = 0.002 Å; R factor = 0.023; wR factor = 0.059; data-to-parameter ratio = 11.3. organic compounds o936 Biermann et al.
The crystal structure of the title compound, C 12 H 14 ClNO, was determined in order to confirm that the chiral center of the molecule has an S configuration. The cyclohexanone ring adopts a chair conformation. The 2-chlorophenyl ring is slightly twisted from the axial C-N bond, with a N-C-C-C torsion angle of À5.7 (2) . In the crystal, an intermolecular N-HÁ Á ÁO hydrogen bond links adjacent molecules into an infinite chain, which propagates in the b-axis direction.
Related literature
For background literature on the preparation and use of some anesthetics, see: Holtman et al. (2006) ; Heshmati et al. (2003) ; Kohrs & Durieux (1998) . For information on the synthetic transformations used, see: Kolb et al. (1994) ; Parcell & Sanchez (1981) ; Senanayake et al. (1996) ; Yang & Davisson (1985) . Table 1 Hydrogen-bond geometry (Å , ).
Experimental
Symmetry code: (i) Àx þ 1; y À 1 2 ; Àz þ 3 2 .
Data collection: SMART (Bruker, 2007) ; cell refinement: SAINT (Bruker, 2007) ; data reduction: SAINT; program(s) used to solve structure: SHELXTL (Sheldrick, 2008) ; program(s) used to refine structure: SHELXTL; molecular graphics: SHELXTL; software used to prepare material for publication: SHELXTL and publCIF (Westrip, 2010) . it causes minimal respiratory depression in comparison to other anesthetics (Heshmati et al., 2003) . S-Ketamine was found 3-4 times more potent as an anesthetic than its R-enantiomer, and twice as potent as Ketalar TM with fewer side effects such as psychedelic, disorientation and anxiety (Kohrs & Durieux, 1998) . S-Norketamine, the major metabolite of S-Ketamine in humans and animals, is emerging as a novel drug for treatment of neuropathic pain and for analgesia (Holtman et al., 2006) .
To confirm the absolute configuration of (+)-norketamine, herein we report on the X-ray crystallographic characterization of crystalline S-norketamine.
The chirality of the molecule is confirmed (Figure 1 ). In the structure, the cyclohexanone ring adopts a chair conformation.
The 2-chlorophenyl ring is slightly twisted from the axial C-N bond, with a torsion angle of -5.7 (2)°. In the crystal, an N-H···O hydrogen bond links adjacent molecules into an infinite chain which propagates in the b-axis direction ( Figure 2 ).
With 2-chlorophenyl-1-cyclohexene as pro-chiral starting material, the enantioselective synthesis of S-norketamine was first time accomplished via a 3-step synthesis route. In the first step the chiral quarternary C-1 atom of the ketamine parent structure was generated in utilizing an adapted Sharpless-Asymmetric Dihydroxylation method (Kolb et al., 1994) .
Asymmetric dihydroxylation was conducted with osmiumtetroxide modified with hydroquinine 1,4-phthalazinediyl diether ((DHQ)2PHAL) as chiral ligand in tert-butanol yielding (-)-(1S, 2S)-1-(2-chlorophenyl)cyclohexane-1,2-diol in 92% yield and with 82-85% ee after crystallization from n-heptane. In the second step (-)-(1S, 2S)-1-(2-chlorophenyl) cyclohexane-1,2-diol was subjected to the condition of the Ritter Reaction (Senanayake et al., 1996) which produced (-)-(1S, 2S)-1-amino-1(2-chlorophenyl) cyclohexane-2-ol, which was obtained with 95% ee after crystallization from n-hexane. In the third step modified Jones Oxidation (Yang et al., 1985) of (-)-(1S, 2S)-1-amino-1(2-chlorophenyl) cyclohexane-2-ol produced (S)-2-amino-2-(2-chlorophenyl)cyclohexanone ((+)-S-norketamine) which was initially obtained as a solid white crystalline material after crystallization from n-heptane (Mp. 68-69°C) which was previously described as an oil (Parcell & Sanchez, 1981) . The chiral purity was ee 99% determined by chiral HPLC (Chiralpak AD-H column). The specific rotation of the free S-norketamine base was established to be [a] D +3.2° (c = 2, EtOH). Intermediates and end product were characterized by infrared, NMR and MS-spectroscopy.
Refinement
All non-hydrogen atoms were refined anisotropically. The hydrogen atoms were positioned geometrically and refined as riding atoms. The Flack parameter was determined from 545 Friedel pairs (Flack, 1983) . Fig. 1 . The asymmetric unit, with displacement ellipsoids drawn at the 30% probability level. Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , conventional R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > σ(F 2 ) is used only for calculating Rfactors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger.
Figures
There were problems during data colleciton that were only realised after refinement of the results. The data were quite weak at high angle and although data were collected out to 0.85 Angstrons, the processed data were only 89% complete; however the overall statistics and quality of the results appeared quite good.
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 ) Atomic displacement parameters (Å 2 )
0.0209 (9) 0.0303 (7) 0.0211 (8) −0.0004 (7) −0.0008 (7) −0.0029 (6) C2 0.0218 (9) 0.0330 (8) 0.0197 (8) −0.0022 (6) 0.0041 (7) 0.0037 (6) C3 0.0267 (10) 0.0373 (8) 0.0223 (8) −0.0045 (7) 0.0038 (7) 0.0031 (6) (8) C7 0.0382 (11) 0.0326 (7) 0.0300 (9) −0.0014 (8) 0.0040 (8) 0.0029 (6) C8 0.0232 (9) 0.0409 (9) 0.0262 (9) −0.0019 (7) 0.0036 (7) −0.0012 (7) C9 0.0234 (9) 0.0546 (10) 0.0357 (9) 0.0059 (10) 0.0011 (7) −0.0063 (7) 0.0314 (9) 0.0453 (7) 0.0307 (8) −0.0022 (7) −0.0032 (7) −0.0123 (6) O1 0.0266 (7) 0.0477 (6) 0.0310 (6) −0.0013 (6) 0.0023 (5) 0.0107 (5) Geometric parameters (Å, °) 
